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V, V, A n t u m v ~ v ~  and Pi. D. Galanin 

B. Ya, Sveshnlkm in a note [l] expressedrsaape critical. remarks concerning 

the themretical derivatfDn of the  l aw of scintmation decay i n  the case of 

concexitmted (or, generallr, resonance) quenching given i n  ulorks by R3rster 

[23 and Galan in  [33. Unfortunately, these c r i t i c a l  remarks were based on a 

misunderstanding. 

cording tu a method proposed by one af us [&I, since the misunderstmding was 

apparently etsased by the shortness of the description in [3]. 

Here we give a =re detafled derivation [3] performed ac- 

Let  us assume that the p m c ~  of the lugtinescence af a EGolution occurs 

as a resul t  of the incfuctiue-resonance transfer of the energy of excitation 

f r o m  excited molecules to unexcited ones. 

action the probabflity of a transfer i n  a unit of t b e  fma an excited mole- 

In  the case of 8 dipolar inter- 

cu le  t o  one being quenched a t  a distance R i s  determined the expression 

(after averaging for orientation) 11 t 

where 

a c h  d e p d s  on the properties of the interacting molecules. 

cosity af  the rnediu~~ is  sufffciently great i n  order ta ignore the direplace- 

ment of the mlecules during the time of the excited state, then as a 

the slight correction which is omitted here far simplicity. 

is the average l i f e  i n  #e abssnce of quenching and Ro is a constant 
0 

If the vis- 

1) In E33 the averaging fo r  orientation was done more s t r ic t ly  which gives 
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consequence of the sharp dependence of the probability of transfer on the 

distance a phenomenon occurs which i n  [b] is called Y.mpoverisbenttt: the 

probability of transfer averaged w i t h  respect t o  the excited molecules changes 

with t h  since the more favorable configurations of the quenching mlecules 

with respeot to the excited molemites are used first. Such is the physical 

reason why the l a w  of the sointillation decay should be non-exponential in the 

case of resonance quenching. 

In order to derive the law of scintillation decay l e t  us assume that  the 

i n i t i a l  moment there are no excited molecules and we w i l l  w r i t e  a kinetic 

equation for  the mber of excited molecules n(t). I n  this, i n  order ta con- 

sider the effect  of rrimpoveristnaent,fl there is no need a t  a l l  ta consider the 

fluctuations of  the density of the quenching molecules as has apparently been 

assumed by Sveshzxikov. 

where i n  the defivation of the l a w  of scinti l lat ion decay. 

Actually, orily the average magnitudes [3] figure every- 

Thus l e t  us asgume 

that the density of the quenching molecules about the excited molecules a t  the 

initial moment is generally uniform and equal to No. 

as  the average rmmber of quenching molecules located i n  an element of a volume 

dv = k R  dR a t  a distance between R and R + dR from the excited laolecules a t  

the moment of t b e  t. 

obtain 

L e t  us designate N(R, t>dv 

2 

Then for the change of n( t )  with respect to time we Th.ill 

m 
dn  ( t )  l i  -=- 

(2) dt 1 7  -;I (R,  t )  f (m do] n 0 )  - 
0 

How does N(R, t) change? 

that N(R, t) dhin ishes  w i t h  t h e  more rapidly as R becomes less. 

tion f o r  N(R, t) can be written without introducing the f'unction o f  n(R, t) 

[3] and the  member f(R)n(R, t ) d t  which Sveshnikov considers incomprehensible 

(see the footnote i n  [l]). 

The effect of ninrpoverishmentw l i e s  in the fact  

The equa- 
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Inasluch as N(R, t) is net simply the mber of quenching molecules but 

rather the average number of quenching molecules averages w i t h  respect to an 

assembly of excited molecules n(t), the d t a r i t i o n  of N(R, t )  is based oxily 

on the transfer of  the energy of excitation w i t h  the probability of (1). L e . ,  

Upon substituting in (2) and integrating we w i l l  ob- 

where q is 8 constant which depends on Ro c2.31. 

that  obtained by FZfrster [2]. 

Formula (6) coincides wi th  

Thus the derivation of the scintillation decay i s  very shple and suffi- 

ciently clear. Within the fraaework of the pbsica l  assumptions which were 

made there is hardly any basis for considering it to be unfounded as was t b  

in CII. 

Let u8 llbf~ e d e  *eshnikov*s objectbn t o  Brster's conclusion [2]. 

mrster derives the sawe law of decay in a somewhat different way. He con- 

siders first some definite configuration N of the quenching molecules about 

sone excited configuration and then proceeds to perform an averagirg with 

respect to such configuratbns. 

decay for a given excited molecule  is exponentid while a non-exponential 

It is natural that  i n  this case the law of 
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- . condition occurs as a result of the  averaging of the exponents and not of  the 

probabilities. 

that w i t h i n  the framework of FBrster's methad, it is necessary to conduct the 

averasing already i n  the in i t ia l  kinetic equation (the formula (13) in [l]). 

Therefore, Sveshnikov is completely wrong when he considers 

Sveshnikovfs other objection is also incorrect where he asserts (without 

proof) that Ftirsterfs formula 

is incarrect and that  it llobvioud.y~' should be replaced the formula 

However, fro& (7) and (8) it follows tha t  for  a sufficiently large no ( 8 )  

coincides with (7). 

an integral i f  w i t h  the help of  multiplier w(%)% one considers the number 

of molecules located in the layer €$, % + %. Upon switching the signs of 

the integral and the derivative which is possible inasmuch as the variables 

For a sufficiently large "0 the suw can be replaced by 

i n  the expression under the integral are distinguished, we will obtain (7). 

Thus SveshnikoVs objectlrm applies essentially not to the derivation given 

by Ftlrster but rather to an ordinary method applied in s ta t i s t ica l  physics. 
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